Functionally distinct Arabidopsis (Arabidopsis thaliana) genes were combined that positively affect root or shoot growth when ectopically expressed, to explore the feasibility of enhanced biomass production. Enhanced root growth resulting from cytokinin deficiency was obtained by overexpressing CYTOKININ OXIDASE/DEHYDROGENASE 3 (CKX3) under the control of the root-specific PYK10 promoter. Plants harboring the PYK10-CKX3 construct were crossed with four different transgenic lines showing enhanced leaf growth.
. Roots exhibit an indeterminate growth pattern. Meristematic cells in the root tip continuously produce new cells, while older cells are subsequently displaced away from the root tip. As a result, the proliferation and expansion phases coexist in roots throughout the life cycle of the plant. In contrast, the shoot consists of lateral organs of determinate size. In the leaf of Arabidopsis, cell proliferation gradually decreases from the tip toward the base, while cell expansion progressively increases in the opposite direction (Donnelly et al., 1999) .
The rate and duration of both cell proliferation and expansion ultimately determine the size at the organ level.
Despite the elaborate knowledge on the physiological aspect of biomass production, the molecular understanding is limited. Over the past decades, many genes have been identified that improve organ size when ectopically expressed or mutated (Gonzalez et al., 2009; Krizek, 2009 ) and were previously referred to as 'Intrinsic Yield Genes' (IYGs). These genes belong to a diversity of functional classes and operate in different pathways, demonstrating that plant growth and yield are complex traits. However, all pathways influencing growth should eventually converge to control cell division and cell expansion, suggesting an extensive crosstalk and creating the opportunity to further improve growth by combining transgenes or better performing gene alleles that function in these pathways.
As plant hormones are involved in every aspect of plant biology, it is not surprising that a number of IYGs are part of the hormone biosynthetic or signaling pathways or exert their effect by influencing the hormone metabolism. Cytokinin oxidase/dehydrogenase (CKX) enzymes catalyze the degradation of a number of biologically active cytokinins and, hence, contribute to the regulation of cytokinin levels (Mok and Mok, 2001; Werner et al., 2006) . The Arabidopsis CKX family contains seven members (Schmülling et al., 2003) of which the phenotype resulting from overexpression of six (CKX1 to CKX6) members has been described (Werner et al., 2003) : CKX-overproducing plants have a reduced cytokinin content, leading to the development of the typical cytokinin deficiency syndrome characterized by an increased root growth, but severely diminished shoot growth (Werner et al., 2003) .
Detailed analysis of 35S-CKX1-overexpressing plants at the cellular level has revealed a function of cytokinins in the process of cell proliferation in meristems (Werner et al., 7 size. In contrast, the primary root apical meristem is enlarged, additional cell files are formed, and all cell types show an increased radial expansion. These observations suggest that cytokinins have a major function in regulating meristem activity by controlling the exit of cells from the meristem and hence the duration of cell proliferation (Werner et al., 2003) .
Moreover, in roots, cytokinins most probably act specifically at the transition zone between dividing and expanding cells to promote cell differentiation (Dello Ioio et al., 2007) .
Besides a plausible local function in the same tissue where they are synthesized, cytokinins, as other plant hormones, function in long distance signaling between root and shoot tissues (Kudo et al., 2010) . Evidence supports a role in nutrient signaling to coordinate metabolic processes between sink and source tissues (Argueso et al., 2009) . Moreover, cytokinins stimulate photosynthesis (Wareing et al., 1968) and are able to establish local metabolic sinks or enhance sink strength (Kuiper, 1993; Guivarc'h et al., 2002) . The effect on sink strength has also been demonstrated in 35S-CKX1-overexpressing tobacco (Nicotiana tabacum) plants, in which decreased cytokinin levels reduced the sink strength of the shoot (Werner et al., 2008) . Clearly, cytokinins play a major role in fine-tuning the distribution of assimilates in the whole plant and, hence contribute to the regulation of growth and biomass production.
Here, enhanced root growth resulting from cytokinin deficiency was exploited by overexpressing CKX3 under the control of the root-specific PYK10 (hereafter designated P10) promoter. Plants expressing the P10-CKX3 construct were crossed with four IYGoverproducing lines that enhance leaf growth (Gonzalez et al., 2009 ) and had been selected based on the reproducibility of their leaf phenotype and their functional diversity (Gonzalez et al., 2010) . These IYGs encode the GROWTH REGULATING FACTOR 5 (GRF5), which is a putative transcription factor proposed to act in a pathway that promotes cell proliferation (Horiguchi et al., 2005) ; the GIBBERELLIN 20-OXIDASE 1 (GA20ox1) that catalyzes consecutive steps in the gibberellin biosynthesis (Xu et al., 1995) ; the BRASSINOSTEROID INSENSITIVE 1 (BRI1), a key component of the brassinosteroid membrane receptor complex (Wang et al., 2001) ; and the ARABIDOPSIS VACUOLAR PYROPHOSPHATASE 1 (AVP1), a H + -pyrophosphatase involved in the generation of proton gradients in endomembrane compartments (Li et al., 2005) . In all four lines, an increase in cell proliferation drives, predominantly or entirely, the enhanced leaf growth (Gonzalez et al., 2010 Our results indicate that the phenotypic traits of the lines can be combined resulting in enhanced root and shoot growth. We provide evidence for crosstalk between cytokinins and brassinosteroids during lateral root and leaf growths and between cytokinins and gibberellins during leaf growth. In addition, a connection between cytokinins and GRF5 during shoot growth is shown.
RESULTS
The P10 promoter restricts the cytokinin-deficient phenotype of CKX3 overexpression to the root Overexpression of CKX1 or CKX3 under the control of the cauliflower mosaic virus (CaMV) 35S promoter (35S) increases the total root system length of 8-day-old plants up to 3-fold, but drastically delays leaf formation and reduces leaf size (Werner et al., 2003) . To benefit from the positive effect on root growth of CKX overexpression, while alleviating the inhibiting effect on shoot growth, the Arabidopsis P10 promoter was chosen to drive CKX3 expression. PYK10 encodes a myrosinase and is highly expressed in hypocotyl and roots, while it is virtually not expressed in mature rosette leaves (Nitz et al., 2001; Sherameti et al., 2008) . Plants with enhanced root growth and normal shoot growth could be obtained in this manner (Werner et al., 2010) .
Root growth of 35S-CKX1 and P10-CKX3-GFP (further referred to as P10-CKX3)
was measured to evaluate the potential of the P10 promoter to confer the cytokinin-deficient root phenotype under our experimental conditions. In 35S-CKX1 plants, both primary root length ( Fig. 1A ) and lateral root number (Fig. 1B) had increased strongly compared to those of wild-type Columbia-0 (Col-0) at 9 days after stratification (DAS). Primary root length and lateral root number of P10-CKX3 plants were increased to the same extent as for 35S-CKX1 plants (Fig. 1, A and B) , demonstrating that the P10 promoter driving the expression CKX3 is sufficiently strong to confer the same root phenotype as the 35S promoter driving the expression of CKX1.
To quantify the effect of CKX3 overexpression under the control of the P10 promoter on shoot growth, fresh weight of the rosette was measured from plants grown for 21 DAS under in vitro conditions (Fig. 1C) . This revealed that P10-CKX3 plants show only a mild 9 reduction in rosette size compared to wild-type plants, whereas constitutive overexpression of CKX1 strongly reduced shoot growth (Werner et al., 2003) (Fig. 1C) . To analyze the leaf size of P10-CKX3 plants in detail, leaf parameters (blade area, length and width) of each individual leaf were calculated from leaf series made from 21-day-old rosettes ( Fig. 1D and Supplemental Fig. 1 ). Although the blade area of P10-CKX3 leaves was not significantly different from that of wild type for most leaves (Fig. 1D) , leaf length was significantly reduced for all leaves, while blade width remained unchanged (Supplemental Fig. 1 ). This polarity-dependent reduction in blade area gave P10-CKX3 plants a characteristic appearance with rounded laminas (Fig. 1C) .
In conclusion, the use of the P10 promoter to drive the expression of CKX3 in Arabidopsis allows the circumvention of the negative effect on shoot growth, but the maintenance of the positive effect of CKX overexpression on root growth.
Crossing P10-CKX3 plants with plants overexpressing genes that enhance leaf size
To assess whether genes that positively affect root growth can be combined with genes that enhance leaf organ size and whether this strategy could lead to a further increase in growth and biomass production, four different genes that enhance leaf size when overexpressed (BRI1, GRF5, GA20ox1, and AVP1) were co-overexpressed with the P10-CKX3 construct.
Plants homozygous for each construct were crossed and root and shoot growths of the resulting heterozygous F1 progeny were analyzed. Each homozygous line was, in addition, crossed with wild-type Col-0 plants, resulting in heterozygous lines that were used as appropriate controls. To evaluate the effect on growth, the expected values in case of an additive effect were calculated as the sum of the measurements for each individual heterozygous parent minus the measurement for Col-0 for a certain trait. An additive phenotype corresponds to the sum of the individual phenotypes of the heterozygous parents and is, therefore, an indication that both genes might work independently to control organ size. When the combination of two transgenes results in a value for a phenotypic trait that is higher or lower than the expected value for an additive effect, a putative synergistic or antagonistic growth phenotype occurs, respectively. The latter cases are usually an indication that the combined genes function in related pathways, making it possible to further unravel the regulatory network in which these genes take part.
Introduction of pBRI-BRI1 into P10-CKX3 plants results in a more than additive increase of root and shoot growth Ectopic expression of BRI1 under the control of its own promoter leads to an increased response to brassinosteroids resulting in longer petioles and larger leaves (Wang et al., 2001) . However, when the plants were grown under in vitro conditions for 21 days, enhanced BRI1 expression did not result in a significant increase neither in rosette fresh weight ( Fig. 2A) nor in blade area for most leaves (Fig. 2B ), but mainly in increased blade length (Supplemental Fig. 2 , A and C). Heterozygous or homozygous pBRI-BRI1-GFP (further referred to as BRI1) plants were similarly affected ( Fig. 2A ). Also crossing with wild type had no effect on the extent of the reduced shoot growth in P10-CKX3 lines ( Fig. 2A) .
Rosette fresh weight of plants that ectopically expressed both BRI1 and CKX3 was equal to that of wild-type and BRI1 plants ( Fig. 2A) , demonstrating that BRI1 overexpression can compensate for the reduction in fresh weight caused by CKX3 overexpression.
Consequently, fresh weight of the cross was significantly higher compared to the expected value for an additive effect ( Fig. 2A) , as reflected in a synergistic increase in blade area for certain leaves (Fig. 2B ). Detailed observation of leaf parameters showed that this was mainly attributed to an increase in leaf length that was comparable to that of Col-0×BRI1 (Supplemental Fig. 2 , B and D), suggesting that ectopic expression of BRI1 overcomes the effects of P10-CKX3 in the leaf length direction. Relative transgene expression levels in shoots of BRI1×P10-CKX3 plants were similar to those of the heterozygous parents (Supplemental Fig. 3A) , showing that the observed synergism in leaf blade area is not a consequence of an altered expression level of one transgene due to the presence of the other.
Whereas treatment with brassinolide (BL) has been shown to enhance lateral root formation (Bao et al., 2004) , BRI1-overexpressing plants had no significantly enhanced root growth at 9 DAS (Fig. 2, C-F) . No difference in root growth could be observed neither between homozygous and heterozygous BRI1 lines nor between homozygous and heterozygous P10-CKX3 lines (Fig. 2, C-F) . Surprisingly, lateral root number and total root system length of BRI1×P10-CKX3 were significantly larger than that expected for an additive effect (Fig. 2, D and E) . The expression level of both transgenes did not differ in the cross when compared to the heterozygous controls (Supplemental Fig. 3B ). Although the lateral root number in Col-0×P10-CKX3 plants was 90% higher than that in wild type, an increase of 144% was observed for plants overexpressing both BRI1 and CKX3 (Fig. 2D) .
Measurements of the total root system of Col-0×P10-CKX3 revealed a 63% increase compared to control plants versus 107% in BRI1×P10-CKX3 plants (Fig. 2E) . The primary root was not significantly longer than the value expected for an additive effect (Fig. 2C) .
Hence, combining enhanced expression of these two genes has a synergistic effect on lateral root growth. Taken together, overexpression of CKX3 and BRI1 does not only result in the combination of phenotypic traits, but also improves lateral root growth synergistically and growth of particular leaves in more than an additive manner.
Exogenous application of brassinolide enhances lateral root growth of P10-CKX3 plants
The observed positive effect of the combined overexpression of CKX3 and BRI1 suggests that reduced cytokinin levels and enhanced perception of BL act synergistically to enhance lateral root growth. To confirm the effect of brassinosteroids, P10-CKX3 plants were treated with different concentrations of BL (Fig. 3) . Wild-type primary root length decreased for all BL concentrations applied ( Fig. 3A) , as reported previously (Müssig et al., 2003; Bao et al., 2004) . The relative decrease in primary root length was similar in P10-CKX3 plants (Fig. 3A) . Whereas no significant increase in lateral root number was observed when wild-type plants were treated with 1 to 100 nM BL under our conditions, lateral root number per cm of primary root of P10-CKX3 plants increased in response to 1 to 50 nM BL (Fig. 3B) . Moreover, the total length of P10-CKX3 lateral roots increased up to 160% by treatment with 1 to 50 nM BL, whereas a significant increase up to 72% could only be detected for wild-type lateral roots for 1 and 2 nM BL (Fig. 3C) . No correlation between the BL-induced lateral root phenotypes and changes in relative mRNA abundance of CKX3 and BRI1 in wild-type and P10-CKX3 seedlings could be observed (Supplemental Fig. 3B ).
These data show that both lateral root formation and lateral root elongation are further induced by the combined action of brassinosteroids and CKX3 overexpression, and by inference a reduction of biologically active cytokinins. 
Co-overexpression of CKX3 with GRF5 antagonizes the effects of GRF5 during leaf development
Overexpression of GRF5 leads to the development of enlarged leaves due to enhanced cell proliferation in both width and length directions (Horiguchi et al., 2005; Gonzalez et al., 2010) , with an increase in rosette fresh weight of 21-day-old plants grown in vitro as a consequence (Fig. 4A) . The cotyledons and first leaves were larger in size, but from leaf 3 onward, the blade area was slightly smaller than those of wild type ( Fig. 4B ) (Gonzalez et al., 2010) . This characteristic leaf phenotype quantitatively differed between homozygous and heterozygous GRF5-overproducing lines, being less severe for heterozygous lines, indicating the presence of a gene dosage effect for GRF5 (Fig. 4A ). Crossing P10-CKX3 with GRF5 led to an average fresh weight that was slightly higher than that of wild type, but did not significantly differ from the expected value for an additive effect (Fig. 4A ). Analysis of individual leaf blade areas however revealed that the increase in blade size caused by GRF5 overexpression was reduced more than expected for an additive effect (Fig. 4B ). In addition, the younger leaves 3 to 6, which are slightly smaller in both individual overexpression lines, surprisingly were larger than expected if additive and even larger than those of wild-type leaves 3 and 4, when overexpression of CKX3 and GRF5 was combined (Fig. 4B) .
Suppression of the CKX3 and GRF5 phenotypes was observed in both width and length direction (Supplemental Fig. 2B and D). Analysis of relative mRNA levels of CKX3 and GRF5 eliminated the possibility that the effects resulted from changes in transgene expression (Supplemental Fig. 3D ). A plausible explanation for the phenotype is that both genes antagonize each other: CKX3 overexpression seems to reduce the effects of GRF5 overexpression and/or vice versa, eventually converting a reduction in leaf size into an increase. 
GRF5-overexpressing

leaf growth
Plants overexpressing GA20ox1 under the control of the 35S promoter show an increased content of bioactive GA4 and other GAs in the vegetative rosette (Coles et al., 1999; Gonzalez et al., 2010) . These plants typically have elongated hypocotyls and stems and large leaves with long petioles (Coles et al., 1999) . At 21 DAS, 35S-GA20ox1 (further referred to as GA20ox1) plants showed an increase in rosette fresh weight when compared to wild-type plants and the phenotype of heterozygous and homozygous plants was indistinguishable (Fig. 5A) . Blade area of all rosette leaves had increased (Fig. 5B) as a consequence of enhanced growth in both blade width and length directions (Supplemental increase in total rosette fresh weight compared to wild-type plants (Fig. 5A ). Similar transgene mRNA levels in the cross and the heterozygous parents excluded that the observed synergism is caused by mutual induced changes in expression level (Supplemental Fig. 3E ).
Overexpression of GA20ox1 did not alter root growth, both in homozygous and heterozygous conditions (Fig. 5, C and D) . Combination of GA20ox1 with P10-CKX3 led to an increase in total root system length characteristic for CKX3 overexpression alone ( 14 to as AVP1) plants exhibit only a slight increase in leaf organ size when grown under in vitro conditions on half-strength Murashige and Skoog (½MS) medium for 21 days (Gonzalez et al., 2010) . Therefore, fresh weight and leaf parameters were analyzed from plants grown in soil (Fig. 6 , A-C). All rosette leaves increased in size (Fig. 6C ), leading to a doubling in rosette fresh weight when compared to wild-type plants, both for homozygous and heterozygous AVP1 plants (Fig. 6A) . Co-expressing AVP1 and P10-CKX3 led to an intermediate rosette growth, with measurements that equaled values expected for additive effects for fresh weight and all leaf parameters ( Also an increase in root growth was reported when plants were grown hydroponically for 45 days (Li et al., 2005) . At 9 DAS however, root growth of homozygous AVP1 plants was drastically reduced when grown in vitro on ½MS medium ( (Fig. 6, D and E) . In conclusion, these observations imply an independent mode of action of AVP1 and CKX3 through distinct pathways during root and shoot growth.
DISCUSSION
Here, we show that the combined introduction of two transgenes, one enhancing root growth and the other enhancing shoot growth, is a powerful strategy to increase overall plant growth. The P10 promoter driving CKX3 expression proves to be efficient to restrict cytokinin degradation to the root, thereby strongly reducing the negative effect of constitutive CKX overexpression on vegetative shoot growth (Werner et al., 2003 shown). This implies that in the control of the whole plant size, root growth is seemingly not enhanced at the expense of enhanced shoot growth in the crosses, even in the absence of supplemented sucrose. Furthermore, it demonstrates that the increased root system does not act as a strong sink, which is in agreement with observations in tobacco (Werner et al., 2008) and Arabidopsis (Werner et al., 2010) . Conversely, a fast-growing root system might provide more water and nutrients to the shoot, but no additional increase in shoot fresh weight was observed in comparison with the single BRI1-, GRF5-, GA20ox1-or AVP1-overexpressing lines, when root growth was enhanced by co-expression of P10-CKX3. Taken together, this strongly suggests that the phenotypic effects on root and shoot growth under optimal environmental conditions where assimilates are not limited, are primarily delineated by changes in genetic competence and not by the global sink-source regulation.
Unexpected phenotypic outcomes from crossing the transgenic lines were uncovered when leaf size and root architecture were analyzed at 21 and 9 DAS, respectively. These phenotypes that are not additive, are usually an indication for crosstalk between pathways in which the genes function (Chandler, 2009; Pérez-Pérez et al., 2009 ) and will be discussed below.
Brassinosteroid-cytokinin crosstalk during leaf development
The reduction in leaf length caused by CKX3 overexpression is completely overcome by simultaneous ectopic expression of BRI1. In other words, an increased sensitivity to brassinosteroids could compensate for the decreased leaf length resulting from enhanced cytokinin breakdown. Brassinosteroids were shown to affect both leaf cell proliferation and elongation, because the reduced leaf size of biosynthetic mutants is due to a decrease in cell number and size (Nakaya et al., 2002) . However, overexpression of BRI1 enhances cell proliferation in the leaf, while no changes in cell size were detected (Gonzalez et al., 2010) . Furthermore, both brassinosteroids and cytokinins regulate the transcription of genes involved in the auxin signaling pathway (Nakamura et al., 2003 (Nakamura et al., , 2006 Goda et al., 2004; Mouchel et al., 2006; Nemhauser et al., 2006; Hardtke, 2007; Dello Ioio et al., 2008) .
Alternatively the observed synergism can be brought about by direct crosstalk between cytokinin and brassinosteroid response pathways. BREVIS RADIX (BRX) is putatively involved, because the mutant, which has a root-specific brassinosteroid deficiency (Mouchel et al., 2004) , is insensitive for inhibition of lateral root formation when cytokinins are applied, due to an altered auxin response (Li et al., 2009) , underlining the complexity of the highly interconnected hormonal network that governs plant growth.
Gibberellin-cytokinin crosstalk during leaf development
Overexpression of CKX3 does not interfere with the increase in blade length resulting from GA20ox1 overexpression and synergistically enhances the increase in blade width. This observation demonstrates that increased gibberellin levels overcome the reduction in blade length caused by enhanced cytokinin breakdown and reduced cytokinin levels enhance the growth promoting effect of gibberellins during growth in the blade width direction. Thus, 
GRF5-cytokinin crosstalk during leaf development
Co-expression of CKX3 and GRF5 suppresses leaf phenotypes of the individual overexpressing parent plants, giving rise to blade areas that more closely resemble those of wild type. This implies that when cytokinin levels are lowered, the effects of GRF5 Transcript profiling of GRF5-overexpressing seedlings did not reveal any significant enrichment for genes involved in cytokinin responses (Gonzalez et al., 2010) and GRF5 was not transcriptionally regulated by cytokinin treatment or CKX1 overexpression (Brenner et al., 2005; Nemhauser et al., 2006; Lee et al., 2007; Argyros et al., 2008) , suggesting that GRF5 does not function directly in the cytokinin signaling pathway nor influences cytokinin metabolism. Therefore, crosstalk between GRF5 and CKX3, and by inference cytokinins, might rather be accomplished by the regulation of (a) common target gene(s) or protein(s).
Genes found to be differentially regulated by overexpression of GRF5 (Gonzalez et al., 2010) and in the same direction by cytokinin treatment (Argyros et al., 2008) and/or in the opposite direction by CKX1 overexpression (Brenner et al., 2005) , are putative candidates for the convergence of both response pathways. Interestingly, the leaves of GRF5 plants are dark green due to an increased chlorophyll content (our unpublished results). Cytokinins are known to stimulate chlorophyll synthesis and to increase the photosynthetic rate (Wareing et al., 1968; Mok, 1994; Riefler et al., 2006; Argyros et al., 2008) , illustrating that GRF5 and cytokinin functions are most probably interconnected during leaf development.
AVP1
AVP1 is implicated in polar auxin transport (Li et al., 2005) and overexpression of AVP1 increases auxin content in seedlings (Gonzalez et al., 2010) . Although several lines of evidence exist for cytokinin-auxin crosstalk (Bögre et al., 2008; Benková and Hejátko, 2009; Chandler, 2009; Veit, 2009 ), co-expression of AVP1 and CKX3 results in root and leaf phenotypes corresponding to the sum of the phenotypes of the individual heterozygous parent plants, at least under our growth conditions. Therefore, AVP1 and CKX3 seem to function in independent pathways. Alternatively, because the leaf size of AVP1×P10-CKX3 plants closely resembles that of wild type, the effects of increased auxin levels can be counteracted by those of reduced cytokinin levels, resulting in a restored auxin/cytokinin balance that favors wild-type cell proliferation timing.
Conclusion
Diverse hormonal inputs are guided through different, but interconnected, response pathways that form complex networks and determine the final extent of cell proliferation and cell expansion in roots and leaves. By simultaneously altering the expression of two functionally distinct components in the network, we reveal crosstalk and bring insight into the hierarchies among the distinct pathways. Further study is needed to identify the "nodes" of the network, the molecular players that integrate the information from these different pathways to control final organ size. On the other hand, root and shoot growth appear to be less tightly linked and it seems likely from our experiments that the effects on cell proliferation and/or expansion are superimposed to changes in the sink-source balance in the whole plant, at least under optimal conditions. soil nutrients and water when environmental conditions are less favorable (Nibau et al., 2008) and is becoming a key feature of ameliorating crop productivity (Gewin, 2010) .
Simultaneously increasing the size of leaves, which provide the major energy for the plant, might alter the photosynthetic efficiency and create the potential for further biomass improvement under diverse environmental conditions (Zhu et al., 2010) . Furthermore, many examples illustrate that the above-described mechanisms that control plant growth and, additionally, tolerance to abiotic stress, in Arabidopsis can be readily translated to improve crop productivity. For instance, overexpression of OsGA20ox1 greatly enhances plant stature of rice (Oryza sativa) (Oikawa et al., 2004) and homologs of BRI1 and CKX genes are present in many crop species, where they perform similar functions (Yamamuro et al., 2000; Chono et al., 2003; Schmülling et al., 2003) . Increased tolerance to salt or drought stresses observed in AVP1-overexpressing plants (Gaxiola et al., 2001 ) has been conducted in tobacco, creeping bentgrass (Agrostis stolonifera), and tomato (Solanum lycopersicum) by heterologous expression (Park et al., 2005; Duan et al., 2007; Li et al., 2010) . This suggests that combining these transgenes will most probably result in the combination of beneficial phenotypic traits in crops.
MATERIAL AND METHODS
Plant material
Seeds of the Arabidopsis thaliana (L.) Heyhn. were from the 35S-CKX1 (CKX1; At2G41510) and P10-CKX3 (CKX3; At5G56970) lines (Werner et al., 2003; Werner et al., 2010) ; those of the AVP1-overexpressing line (At1G15690), the GRF5-overexpressing line 
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Supplemental Figure S1 . Leaf blade length and width for wild-type and P10-CKX3 plants. Significantly different from the wild type and from the value expected for an additive effect, respectively (P < 0.05 (A-B), P < 0.01 (C-E), Student's t test). Error bars are SE (n ≥ 16 (A-B) and n ≥ 23 (C-E)).
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